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(57) Abstract 

Tbe present invention pxovides a method of fomiing a device and ntfritral devices vAoA can be fonned in aoconiaDce wxtb 

the wtrthnH In one colbodiment, die method inchides the steps tit a) providing a metal fabric fanned of a plmality of strands fonned of 
a metal which can be beat treated to substantiaUy set a desired slutpe; b) defcmntng the metal fabric to generally conform to a suidBce of 
a molding element; c). beat treating the metal fabric in contact with the surface of the molding element to substantially set the shape of 
Oie febric in its defomied state; and d) removing the metal fabric from contact with the molding clwne n t . The resulting metal fabric win 
define a medical device which can be ooUapsed for pas^ge through a catheter or the like for deploymem in a channel of a patient's body. 
Medical devices made in accordance with this method can have varying structures. In one cmbodinuent. the medical device (250) is carried 
by a guidewne (260) and has a metal fabric (270) r7^*r»^'"g between first and second ends (272, 274), one end (27^ of device (250) 
bemg adqned to slide along die guidewire (260). The metal fabnc (270) has a collapsed cor^guration m which the ends (272, 274) of dte 
metal febric (270) are spaced &om (me ano&er along the guidewire (260) and a preset expanded configuration in which the ends (272, 274) 
of d» metal febric (270) are positioned closer to one another. Ibe metal fabric (270) will cause the device (250) to eL^tically substantially 
resume its pzeset expanded ccmfigmation when released from confinement wilhin a chaimel in a patients body. 
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METHOD OF FORMING MED ICAL DEVICES: 
INTRAVASCULAR OCCLUSION DEVICES 

PELD OF THE INVENTTON 

The present inveadon generally tdates to iotiavascular devices for treating 
obtain medical conditioiis and, more paxtiailariy, provides a method of fbrmiiig 
intravascular devices and certain novel intravascular occlusion devices. The devices 
made in accordance with the invention are particularly well suited for delivery through 
a cath^er or the like to a remote location in a patirat's vascular system or in 
analogous vessels within a patient's body. 

BACKGROUND OF THE INVENTION 

A wide variety of intravascular devices are used in varicnis medical procedures. 
Certain intravascular devices, such as catheters and guidewires, are generaUy used 
^ply to deliver fluids or other medical devices to specific locations widiiin a patient's 
body, sudi as a selective site within the vascular system. Other, frequratly more 
complex, devices are used in treating specific conditions, such as devices used in 
removing vascular occlusions or for treating sqital defects and the like. 

In certain drciimstanoes, it may be necessary to occlude a (Kitient's vessel, such 
as to stop blood flow through an artery to a tumor or other lesion. Presently, this is 
oonunonly accomplished simply by insertirig, e.g. Ivalon particles, a trade name for 
vascular occlusion particle, and short sections of coil springs into a vessel at a desired 
location. Ibese "embolization agrats' will eventually become lodged in the vessel, 
frequently floating downstream of the site at which they are released b^ore bloddng 
the vessel. In part due to the inability to precisely position the embolization agents, 
this procedure is often limited in its utility. 

Detachable balloon catheters are also used to blodc patiraits' vessels. When 
ttsng sudi a catheter, an esqiandable balloon is carried on a distal rad of a cath^er. 
Vfbea the cath^er is guided to the desired location, the balloon is filled with a fluid 
until it substantially fills the vessel and becomes lodged tiier^. Resins which will 
harden inside the balloon, such as an acryionitrile, can be employed to permanently fix 
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thesizeandsh^ofthebaUoon. The balloon can then be detached from the end of 

the catheter and left in place. 

Such balloon embolizations aie also prone to certain safi^y problems, though. 
For example, if the balloon is not filled enough , it will not be finnly fixed in the 
vessel and may drift downstream within the vessel to another location, much like the 
loose embolization agents noted above. In order to avoid this problem, physicians may 
overfill the balloons; it is not uncommon for baUoons to nurture and release the resin 
into the patient's bloodstream. 

In still other procedures, it may not be necessary to permanenfly occlude a 
I vessd, but it may be necessary to provide a filter or the like to prevents 
passing a particular location. For example, rotating burrs are used in removing 
atheroma from the lumen of patients' blood vessels. These buns can effectively 
dislodge the atheroma, but the dislodged material wiU simply float downstream with 
the flow of blood through the vessel unless stq)S are taken to capmrc the material. 
5 Some research^ have proposed various tr^s or fihers for capturing the 

particulate matter rdeased or created in such procedures. However, such fillers 
gaierally have not proven to be excqrtionaUy effective in actual use. Such filters tend 
to be cumbCTSome to use and accurate dq>loyment is problcanatic because if they are 
not pioperiy seated in the vessel they can drift to a more distal site where they are 
0 likely to do more harm than good. In addition, these filt^ are generally cqjable of 
only trapping relatively large thrombi and are not effective means for removing smaller 
ranbolic particles from the blood stream. 

The problems with traqxirary filters, which are intraded to be used only during 
a particular procedure then retracted with the thrombi trapped therein, are more 
15 pronounced. Bvenif the tr^ does effectively capture the dislodged material, it has 
proven to be rdatively difficult or complex to retract the txsp back into the cathetw 
through which it was delivered without amply dumping the trapped thrombi back into 
the blood stream, defeating the purpose of the tempomy filter device. For this 
reason, most atherectomy devices and the like tend to a^nrate the patient's blood 
30 during the procedure to remove the dislodged material entrained tiierein. 

Mechanical embolization devices, filters and traps have been proposed in the 
past. Even if some of those devices have proven effective, they tend to be rather 
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expensive and dme-oonsuming to manufacture. For example, some intravascular blood 
filteis suggested by others axe formed of a plurality of ^)ecially-shaped legs which axe 
adqjted to fill fte vessel and dig into the vessel waUs. In making most such filters, 
the legs must be individually fbnned and then painstakingiy attached to one another, 
S frequently entirely by hand, to assemble the final filter. Not only does this take 
significant skilled manpowCT, and hence increase the costs of such devices, the fact 
that each item must be made by hand tends to make quality contrDi more difficult. 
This same difficulty and esqraise of manufacturing is not limited to such filters, but is 
e;q)erienced in many odier intravascular devices as wdl. 

10 Accordingly, it would be desirable to provide a m^od for foroiing devices for 

deployment in a vessel in a patient's vessel wMdi is both economical and yields 
consists, reproducible results. It would also be advantageous to provide a reliable 
embolization device whidi is both easy to (^loy and can be accurately placed in a 
vessel. Fuitfaennore, there is a need in the ait for a trap or filter which can be 

IS dq>loyed within a vessd for aqmning thrombi, widdi tnq> can be reliably deployed; if 
the tnq) is to be used only temporarily, it should be readily withdrawn from the patiCTt 
without simply dumping the trapped thrombi back into the blood stream. 

SUMMARY OF THE mVENTtON 
Hie present invention provides a method for forming intravascular devices from 

20 a resilient m^ fabric and medical devices whidi can be formed in accordance with 
this method. In the method of the invention, a m^ £ednic formed of a plurality of 
resiliem strands is provided, with the wires being formed of a resilient mateial which 
can be heat treated to substantially set a desired sbq)e. This fabric is then deformed to 
generally conform to a molding surface of a molding elonent and die fabric is heat 

25 treated in contact with the surface of the molding element at an elevated temperature. 
The time and temperature of the heat treatmem is selected to substantially set the fabric 
in its drformed state. After the heat treatment, the fabric is removed from contact 
with the molding element and will substantially retain its sh^ in the deformed state. 
The fabric so treated ddines an cxpsnded state of a medical device which can be 

30 dq)loyed through a catheter into a charmel in a patient's body. 

In accordance with the method of the invention, a distal end of a catheter can 
be positioned in a channel in a patient's body to position the distal end of the catheter 
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adjacent a treatment she for treating a physiological condition. A medical device made 
in accoidance with the process outlined above can be collapsed and insetted into the 
lumen of the cathrter. Hie device is urged through the catheter and out die distal end, 
whemipon it will trad to return to its expanded state adjacent the treatment site. 

Fuitfaer embodiments of the present invention also provide specific medical 
devices which may be made in accordance with the pres^ invention. Such devices of 
the invention are formed of a metal fabric and have an e^ianded configuiation and a 
coHapSGd configuraticm. The devices are collapsed for deployment through a catheter 
and, upon exiting the distal end of the catheter in a patient's channel, will resiliMfly 
substantially r&um to their expanded configuration. In accordance with a first of Aese 
embodhnents, a generally elongate medical device has a generally tubular middle 
portion and a pair of ejqjanded diameter portions, with one eaqanded diameter portion 
po^oned at dither end of the middle portion. In anodier embodiment, the medical 
device is generally bell-shqied, having an elongate body having a tapered first end and 
a larger second end, the second end presenting a fabric disc which will be orirated 
generally peipendicular to an axis of a channel when ployed therein. 

B1^IEP DESCRI PTrON OF THE DRAWINGS 

Figures 1 A and IB each depict a metal fabric suitable for use with the 
invention; 

Figures 2A and 2B are a ade view and a perspective view, respecdvdy, of a 
moldiiig elemrat and a leogth of a metal fabric suitable for use in forming a medical 
device in accordance with the invention, the mold being in a disassembled state; 

Figure 3A is a per^>ective view showing the molding element and metal fabric 
of Figure 2 in a partially assembled state; 

Hgure 3B is a close-up view of the highlighted area of Figure 3A showmg the 
compression of the metal fabric in the molding elem^; 

Figure 4 is a cross-sectional view showing the molding element and metal 
&bric of Figure 2 in an assembled state; 

Figures 5A and SB are a side view and an end view, re^ectively, of a medical 
device in accordance with the invention; 
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Figures 6A-6C aie a side view, an eod view and a perspective view, 
re^iecdvely, of a medical device in accordance with another embodiment of the 
invention; 

Figure 7 is a side, cross sectional view of a molding dement suitable for 
5 fomiing the medical device shown in Figures 6A-6C; 

Figure 8 is a schematic illustration showing the device of Kguies 6A-6C 
deployed in a channel of a patient*s vascular system to occlude a Vatesst Ductus 
Artetiosus; 

Figures 9A and 9B are a side view and an end view, respectively, of a medical 
10 device in accordance widi y^ another onbodiment of tiie invention; 

Figure lOA is a ade view of one molding elemrat suitable for fbrming the 
invention of Rgures 9A and 9B; 

Hgure IQB is a cross-sectional view of another molding element suitable for 
forming the invCTtion of Figures 9A and 9B; 
IS Rgure IOC is a cross-sectional view of sdU another molding element suitable 

for forming the invmtion of F^^res 9A and 9B; 

Figure llA is a schematic sde view of yet another medical device made in 
accordance with the invention showing the device in a coHapsisA state for dq>loyment 
in a i»tient's vascular system; 
20 Hgure IIB is a schematic side view of the medical device of Figure llA in an 

expanded state fen- dq>loyment in a patient*s vascular system; 

Figure 12A is a sdiematic side view of an alternative onbodimeat of the 
invention of Figure llA showing the device in a collapsed state within a catheter for 
dqiloyment; 

25 Figure 12B is a schematic ^de view of the device of Hgure 12A showing tte 

device deployed distally of the cath^er; 

Hguie 13 is a schematic perq)ective view showing a medical device in 

accordance with yet a further onbodiment of the invention collapsed wiOiin a catheter 

for dq)loyment in a chaimel in a patient's body; 
30 Hguie 14 is a schematic side view of the device of Figure 13 in a partially 

deployed state; and 
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Figuie 15 is a schematic side view of the device of Figure 13 in a fully 
deployed state. 

DETAILED DESCRIPITON OF THE PREFEK ^TTn TTMTtnnTMrasJTS 
Hie present invention provides a rqnoducible, relatively inexpmsive m^od of 
fonning devices for use in channels in patients* bodies, such as vascular channels, 
luinaiy tracts, biliaiy ducts and the like, as well as devices which may be made via 
that metihod. In forming a medical device via the method of the invention, a metal 
M>ric 10 is provided. The fabric is formed of a plurality of wire strands having a 
predetermined rdative orioitation between the strands. Figures 1 A and IB ilhistrate 
two examples of metal fabrics which are suitable for use in the method of the 
invention. 

In the &bric of Figure lA, the metal strands (fefine two sets of essentially 
parallel generally helical strands, with the strands of one set having a "hand**, i.e. a 
direction of rotation, opposite that of the other set. This defines a generally tubular 
fidnic, known in the faiiric industry as a tubular braid Such tubular braids are well 
known in tte fabric arts and find some qjplications in ttie medical device field as 
tubular fabrics, such as in reinfoxdng the wall of a guiding catheter. As such braids 
are well known, they need not be discussed at l^igth here. 

The pitch of the wire strands (i.e. the angle defined between the turns of the 
wire and the axis of the braid) and the pick of the fabric (i.e. the number of turns per 
unit length) may be adjusted as deared for a particular plication. For example, if 
the medical device to be formed is to be used to occlude the channel in which it is 
placed, the pitch and pick of the fabric will tend to be higher than if the device is 
^mply intended to filter bodily fluid passing therethrough. 

For example, in using a tubular braid such as that shown in Figure lA to form 
a device sudi as that illustrated in Figures SA and SB, a tubular braid of about 4 mm 
in diameter with a pitch of about 50^ and a pick of about 74 (per linear inch) would 
seem suitable for a devices used in occluding chaimels on the order of about 2 mm to 
about 4 Qun in iirner diameter, as detailed below in cormection with the ^bodiment of 
Figures SA and SB. 
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Figure IB illustrates another type of fabric which is aiitabie for use in the 
m^od of the invention. This fabric is a more conventional fabric and may take the 
fonn of a flat woven sheet, knitted sheet or the like. In the wov» fabric shown in 
Figure IB, there are also two sets 14 and 14' of graerally parallel strands, with one set 
S of strands being orirated at an an^, e.g. generally peipendicnlar (having a pick of 
about 90*"), with respe^ to the odier seL As iK)ted above, tiie pitdi and pick of this 
fabric (or, in the case of a knit fabric, the pick and the pattern of the kit^ e.g. Jersey 
or double knits) may be selected to qpttmize the desired pioperties of the final medical 
device. 

10 The wire strands of the metal fabric used in the present method should be 

formed of a mat^ial which is botti resilient and can be heat treated to substantially set 
a desired shsq^e. Materials wMdi are believed to be suitable for this purpose include a 
cobalt-based low thermal esqianston alloy referred to in the fidd as Eigiloy, rndkeH- 
based hi^-teoqienimre high-strength "siqieralioys" commercially available from 

15 Haynes International under the trade name Hastelloy, nickel-based heat treatable alloys 
sold under the name Incoloy by Int^narional Nickd, and a number of different grades 
of stainless steel. The inqxxrtant factor in dioosing a suitable material for the wires is 
that the wires retain a suitable amount of the deformation induced by the molding 
suiiace (as described below) when subjected to a pred^ermined heat treatment 

20 One class of materials which meet these qualifications are so-called sh^ 

memory alloys. Sudi alloys trad to have a temperature induced phase change wMdi 
will cause the material to have a preferred confrguration whidi can be fixed by heating 
die material above a obtain transition temperature to induce a change in the phase of 
die material. When the alloy is cooled back down, the alloy will "remraiber" the 

25 sibap& it was in during die beat treatment and will tend to assume that configuration 
unless constrained from so doing. 

One particularly preferred shape memory alloy for use in the present method is 
nitinol, an approxim ately stoichiometric alloy of nickel and titanium, which may also 
include other minor amounts of other metals to achieve desired properties. Nill alloys 

30 such as nitinol, including ^ropriate compositions and handling requirements, are well 
known in the art and such alloys need not be discussed in detail here. For example, 
U.S. Patents 5,067,489 (lind) and 4,991,602 (Amplatz et al.), the teachings of which 
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are incorporated hwein by lefercnce, discuss the use of shape memory NiTi aUoys in 
guidewiies. Such NiTi aUoys are preferred, at least in part, because they are 
commercially available and more is known about handling such alloys than other 
known sh^ memory aUoys. WTi alloys arc also very elastic - they arc said to be 
"siqjerelastic" or "pswidoelastic". This elasticity wiD help a device of the invention 
return to a pres^ expanded configuration for dqjloyment. 

The wire strands can comprise a standard monofilament of the selected 
material, i.e. a standard wire stock may be used. If so desired, though, the individual 
wire strands may be formed from "cables" made up of a plurality of mdividual wires. 
For exanqjle, cables formed of metal wires where several wires are heUcaUy wr^iped 
about a coitral wire are commercially available and NiH cables having an outer 
diarneter of 0.003 inches or less can be purchased. One advantage of certain cables is 
that they tend to be "softer" than monofilament wires having die same diameter and 
formed of the same matraal. Additionally, if die device bririg formed from the wire 
strands is to be used to occlude a vessel, the use of a cable can increase the effective 
5ur^u:e area of the wire strand, which will tsod to promote thrombosis. 

In preparation of forming a medical device in keeping with the invCTtion, an 
jqjproprialdy wzed piece of the m^ fabric is cut from flie larger piece of febric 
whidi is formed, for exanq)le, by braiding wire strands to form a long tubular braid. 
The dnnenaons of the piece of fabric to be cut will depend, in large part, upon the 
size and sh^e of the medical device to be formed th^efiom. 

When cutting the febric to the desired dimen^ons, care should be taten to 
ensure dial the febric will not unravel. In the case of tubular braids formed of NTIi 
alloys, for example, the individual wire strands will Veod to return to ttieir heat-set 
configuration unless constrained. If the braid is heat treated to set the strands in the 
braided configuration, they will tend to ranain in the braided form and only the ends 
will become frayed. However, it may be more economical to amply form the braid 
witiiout heal treating the braid smce die febric wiD be teat treated again in formmg Ose 
medical device, as noted below. 

In such untreated NTTi fabrics, the strands will trad to return to their unbraided 
configuration and the braid can unravel fairly quickly unless the ends of the lengtii of 
braid cut to form the device are constrained relative to one another. One method 
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which has proven to be useful to prevent the braid from unravding is to clamp the 
biaid at two locations and cut the braid to leave a length of the braid having clamps 
(IS in Figure 2) at either end, thereby effectively defining an onpty space within a 
sealed length of fabric. Iliese clamps 15 will bold the mds of the cut braid together 
S and prevent the braid from unraveling. 

Alternatively, one can soldCT, braze, wdki or otherwise affix the ends of the 
desired length tc»gether (e.g. with a biocompatible cementitious organic matoial) 
before cutting the braid. Althou^ soldering and brazing of NTH alloys has provesx to 
be £uriy difficult, the ends can be welded together, such as by spot welding with a 

10 laser welder. 

The same problems present themselves when a flat sheet of fabric such as the 
wovCT fabric shown in Kgure IB is used. With sudi a fabric, the fabric can be 
inverted upon itself to form a recess or dqnession and the fabric can be clamped about 
this recess to form an easf^ pocket (not shown) before the fabric is cut. If it is 

15 desired to keq> the fiabric in a generally flat ccmfiguration, it may be necessary to weld 
the junctions of the strands together adjacent the periph^ of the desired piece of 
fabric before ttiat piece is cut from the larger sheet So comiecting the ends of the 
strands together will pievCTt fabrics formed of untreated sbap^ memory alloys and the 
like from unravdmg during the forming process. 

20 Once an ^ypropriately sized piece of the metal fabric is obtained, the fabric is 

deformed to generally conform to a surface of a molding ftiF^n^ent As will be 
s^redated more fuUy from the discussion below in connection with Figures 2-16, so 
ctefbrmirig the fabric will reori^ the relative positions of the strands of the me^ 
fabric from their initial order to a second, reorirated configuration. The sh^ of the 

25 molding element should be selected to deform the fabric into substantially the ghap^ of 
the desired medical device. 

The moldirig elmiait can be a single piece, or it can be formed of a series of 
mold pieces which tog^her define the surface to which the fsbiic will graerally 
conform. The molding element can be positioned within a space enclosed by the fabric 

30 or can be external of such a space, or can even be both inside and outside such a 
space. 
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In order to iUustiace one example of how such a mold may be configured and 
how it may be used in accordance with the method of the invention, rcSGtence will be 
had to Figures 2-S. In Figures 2-4, the molding element 20 is formed of a number of 
separate pieces which can be attached to one another to complete the molding element 
5 20. In using such a multi-piece molding element, the mold can be assembled about the 
cut length of fiibric 10, thereby deformmg the fabric to generally conform to the 
desired surface (or surfaces) of the molding element 

In the molding element illustrated in Figures 2-4, the metal fabric 10 is 
deformed to generally conform to a surface of the molding elemrat 20, the molding 

10 element conqmsing a center section 30 and a pair of end plates 40. Turning first to 
the center section 30, the center section is desirably formed of opposed halves 32, 32 
which can be moved away from one another m order to introduce the metal fabric 10 
into the mold. Although these two halves 32, 32 aie shown in the drawings as beiiig 
completely sq»iated from one another, it is to be understood that these halves could 

15 be intcrooimected, such as by means of a hinge or the like, if so deared. The opposed 
halves of the molding eteoient 20 shown in the drawings of Figures 2 and 3 each 
include a pair of semi-drcular recesses opposed on either side of a ridge defining a 
generally semi-circular opening. When the two halves are assembled in forming the 
device, as best seen in Figure 3, the semi-drcular openings in the opposed halves 32, 

20 32 mate to define a generally dnndar forming port 36 passing through the center 

section 30. Similariy, the semi-circular recesses in the two halves together form a pair 
of generally ctrcular central recesses 34, with one such recess bemg disposed on either 
fiu:e of the cent^ section. 

The overall diape and dimensicms of the center section can be varied as desired; 

25 it is generally the size of die c»tral recesses 34 and the forming port 36 which will 
define the size and sfa^ of the middle of the finished device, as explained below. If 
so desfaed, each half 32 may be provided with a manually gra^able projection 38. In 
the raibodiihent shown in the drawings, this projection 38 is provided at a location 
disposed away ftom the Cutting faces of the respective halves. Such a manuaUy 

30 graspable projection 38 will simply enable an operator to more easily join the two 
halves to define the recesses 34 and forming port 36. 
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The c^er section is adapted to coq)eFatively engage a pair of end plat^ 40 for 
forming the desired device. In the embodiment shown in Figures 2 and 3, the center 
section 30 has a pair of flat outer £aces 39 whidi are each ad^ned to be engaged by an 
inner &ce 42 of one of the two end plates 40. Each cod plate includes a compression 
S disk 44 which extends generally laterally inwanfly from the inn^ face 42 of the end 
plate. This conqiTBSsian disk 44 should be sized to pCTnit it to be received wx 
of die central lecesses 34 on es&isr face of tfxe center section 30. For reasons 
explained moie folly below, each compression disk 44 includes a cavity 46 for 
reodving an end of the length of die metal fabric 10. 

10 One or more fthannftk 48 for receiving bolts and the like may also be provided 

through eadi of die end plates and through the center section 30. By passing bolts 
throu^ these channels 48, one can assemble the molding element 20 and imin the 
metal fiEihric in the desired sh^ during the heat treatmoit process, as outlined bdow. 
Id udlizing the moldmg elemrat 20 shown in Figures 2-4, a length of the metal 

15 fabric 10 can be petitioned betweoi d» opposed halves 32 of the center section 30. In 
the drawings of the moldmg dement 20 of Figures 2-4, the metal fabric 10 is a tubular 
braid sudi as that illustrated in Egme 1 A. A sufiident loigth of the tubular braid 
should be provided to pennit the fabric to conform to the molding surface, as 
explained bdow. Also, as noted above, caie should be taken to secure the aids of the 

20 wire strands dining the tubular braid in order to prevent the metal fabric from 
unravelii^. 

A central portion of the length of the metal braid may be jwsitioned within one 
of the two halves of the forming port 36 and the opposed halves 32 of the crater 
section may be joined to abut one another to restrain a cratral portion of the metal 

25 bxaid within the central forming port 36 dirough the center section. 

The tubular braid will tend to have a natural, relaxed diam^er which is 
defined, in large part, when the tubular braid is formed. Unless the tubular braid is 
otherwise deformed, when the wire stiamls are in their relaxed state they will tend to 
define a generally hoUow tube having the pred^ermined diam^er. The out^ diameter 

30 of the relaxed braid may be, for example, about 4 mm. The rdative size of the 
forming port 36 in the central section 30 of the molding element and the natural, 



wo 96/01591 PCT/US95/08613 

- 12- 

reiaxed outer diameter of the tubular braid may be vahed as desired to achieve the 
desired shape of the medical device being fonned. 

In the embodiment shown in Figures 2 and 3, the inner diameter of the forming 
poit 36 is q>timaliy sfightiy less than the natural, relaxed outer diam^er of the tubular 
5 braid 10. Hence, when the two halves 32, 32 are assembled to form the cmter section 
30, the tubular braid 10 will be slightly conq>ressed within the ftmning port 36. Tliis 
will help ensute that the tubular bxaid conforms to the inner surface of the fonning 
port 36, which d^es a portion of the molding sur&ce of the molding element 20. 
If so desiied, a generally cylindrical internal molding section (not shown) may 

10 also be provided. This internal molding section has a sli^idy smaller diametCT than 
the inner diameter of the fonning port 36. In use, the internal molding section is 
placed within the length of the metal fabric, such as by manually moving the wire 
strands of the fabric apart to form an opemng throu^ which the intenial molding 
section can be passed. This internal molding section should be positioned within the 

15 tubular braid at a location where it will be disposed within the forming port 36 of the 
center section when the molding element is assembled. There should be a sufficient 
space betwem the outer surface of the interior molding section and the inner surface of 
the forming port 36 to permit the wire strands of the fabric 10 to be recdved 
therebetween. 

20 By using such an internal molding section, the dimensions of the central portion 

of the finisbed medical device can be faidy accurately controlled. Such an internal 
molding section may be necessary in circumstances where the natural, relaxed outer 
diameter of the tubular braid 10 is less than the iimer diam^r of the forming port 36 
to ensure that the braid conforms to the iimer surface of that forming port. However, 

25 it is not believed that such an internal molding section would be necessary if the 

natural, relaxed outer diameter of the braid were larger than the iimer diameter of the 
fonning port 36. 

As noted above, the ends of the tubular braid should be secured in order to 
prevem the braid from unraveling. Each end of the metal fabric 10 is desirably 
30 received within a cavity 46 fonned in one of the two end plates 40. If a clamp (15 in 
Figure 2) is used, the clamp may be sized to be relatively snugly received within one 
of these cavities 46 in order to ^fectively attach the end of the fabric to the end plate 
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40. Tht end plates can then be uiged toward the center section 30 and toward one 
another until the compression disk 44 of each ad plate is received within a c^xtral 
tecess 34 of the center section 30. He molding element may ttien be clanq)ed in 
position by passing bolts or the like through the channels 48 in the molding element 

5 and locking the vanous compomits of the molding elemrat toge&er by tightening a 
nut down onto such a bolt (not shown). 

As best seen in Kguie 3A, when an end plate is mged toward the center section 
30, this win compress the tubular braid 10 genoally along its axis. When the tubular 
biaid is in its relaxed configuration, as illustrated in Figure lA, the wire strands 

10 forming the tubular braid will have a first, predeteimined relative orientation with 
respect to one anc^r. As the tubular braid is compressed along its axis, the fabric 
will tend to flare out away from the axis, as illustrated in Kgure 4. When the fabric is 
so deformed, the relative orientaticm of the wire strands of tiie m^ febric wiU 
change. When the molding elraient is finally assembled, the metal fabric will 

IS generally conform to the molding surface of this dement. 

In the molding element 20 shown in Figures 2-4, the molding surface is defined 
by the imt^ surface of the forming port, the inner surfaces of the central recess 34 and 
the faces of the conqoression disks 44 which are received within the If an 

internal molding section is used, the cylindrical outer suifEu:e of that section may also 

20 be considmd a part of the molding surface of tbe molding element 20. Accordingly, 
when the mnirttng elemmt 20 is oompletdy assembled the metal fabric will tend to 
assume a somewhat "dumbbell*-shaped configuration, with a relatively naxiow center 
section di^osed betwem a pair of bulbous, perfa^s even disk-shq>ed end sections, as 
best se» in Figure 4. 

25 It should be understood that the specific sh^ of the particular molding demmt 

20 shown in Figures 2-4 is intended to produce one useful medical device in 
accordance with the present method, but that other molding elemrats having different 
configurations could also be used. If a more complex steq>e is desired, the moldmg 
element may have more parts, but if a simpler sh^ is being formed the molding 

30 element may have even fewer parts. The number of parts in a given molding elem^ 
and the Shapes of those parts will be dictated almost entirely by the shape of the 
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desiTod medical device as tlie molding element must define a molding surface to which 
the metal fabric will generally confbnn. 

Accordingly, the specific molding element 20 shown in Figures 2-4 is simply 
intended as one specific example of a suitable molding ekmexst far forming one 
5 particular useful medical device. Additional molding elraients having different designs 
for producing different medical devices are explained below in connection with, e.g., 
Figures 8 and 10. Dq)endmg on the desired sbzpt of the medical device being 
formed, the sha^ and configuration of other specific molding elements can be readily 
designed by those of ordinary skin in the art. 

10 Once the molding element 20 is assembled with the metal fabric generally 

conforming to a molding surfeoe of that dement, the fabric can be subjected to a heat 
treatment while it remains in contact with that molding surface. This heat treatment 
will depesid in large part upon the material of which the wire strands of the metal 
fabric are formed^ but the time and temperature of the heat treatment should be 

IS selected to substantially set the fabric in its deformed state, i.e., wherein the wire 

strands are in their reoriented relative configuration and the fabric generally conforms 
to the molding surfiice. 

The time and ienq>erature of the heat treatment can vary greatly dep^iding 
upon the material used in forming the wire strands. As noted above, one preferred 

20 class of matftTiak for forming the wire stands are shape memory alloys, with nitinol, a 
nickel titanium alloy, being particularly prefiored. If nitinol is used in making the 
wire strands of the fabric, the wire strands will tend to be very elastic when the metal 
is in its austraitic phase; this very elastic phase is frequently referred to as a 
"superelastic** or "ps^idodastic** phase. By heating the nitinol above a certain phase 

25 transition tenqyerature, the crystal structure of the nitinol metal when in its austenitic 
phase can be set. This will tend to "set" the shi^ of the fabric and the relative 
configuration of the wire strands in the positions in which they are held durir^ the heat 
treatmraL 

Suitable heat treatments of nitinol wire to set a desired shape are well known in 
30 the art. Spirally wound nitinol coils, for example, are used in a number of medical 
qyplications, such as in forming the coils commonly carried around distal lengths of 
guidewires. A wide body of knowledge exists for forming nitinol in such medical 
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devices, so there is no need to go into great detail here on the parameters of a heat 
treatment for the nitinol fabric preferred for use in the present invention. 

Briefly, though^ h has been found that holding a nitinol fabric at about SWC 
to about SSO^'C for a period of about 1 to about 30 minutes, depcofMg on the softness 
5 or harness of the device to be made, win tend to stt the fabric in its deformed state, 
i.e. wherein it conforms to the moldmg surface of the molding el^ent. At lower 
temperatures the heat treatment time will tsai to be greats (e.g. about one hour at 
about SSO^'C) and at hi^er temperatures the time wiU tend to be shorter (e.g. about 30 
seconds at about 90O'*C). These parameters can be varied as necessary to 

10 accommodate variations in the exact composition of the nitinol, prior heat treatmem of 
the nitinol, the desired prop^ties of the nitinol in the finished article, and other factors 
which win be well known to those skilled in this field. 

Instead of lelyii^ on convection heating or the like, it is also known in the art 
to q^ly an electrical cunrat to the nitinol to heat it. In the present invention, this can 

15 be accomplished by, for example, hooldng electrodes to the clamps 15 carried at either 
end of the metal fabric iUustrated in Figure 2. The wire can then be heated by 
resistance heating of the wires in order to achieve tibe desired heat treatment, whidi 
will tend to eiiinunate the need to heat the entire molding elemrat to the desired heat 
treating temperature in order to heat the metal fiabric to the desired temperature. 

20 After the heat treatmCTt, tte &bric is rranoved from contact with the molding 

dement and will substantially retain its shape in a deformed state. Whoi the molding 
eiemoit 20 illustrated in Figures 2-4 is used, the bohs (ml showit) may be removed 
and the various parts of the molding element may be disassembled in essratially the 
reverse of the process of assembling die molding element. If an internal molding 

25 section is used, this molding section can be removed in much the same fashion that it 
is placed widiin the generally tubular metal fobric in assemblmg the moldmg elCTem 
20, as detailed above. Rgures 5A and SB illustrate one CTibodiment of a medical 
device 60 whidi may be made using the moldmg elem^ 20 of Figures 2-4. As 
discussed below, the device of Figure 5 is particularly well suited for use in occluding 

30 a channel within a patient's body and these designs have particular advantages in use 
as vascular occlusion devices. 
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The vascular occlusion device 60 of Figure SA includes a generally tubular 
middle portion 62 and a pair of e>qpanded diameter portions 64. One expanded 
diameter portion is disposed at either end of the generally tubular middle portion 62. 
In the embodiment shown in Figures SA and SB, the e^qpanded diameter portions 64 
S include a ridge 66 positioned about midway along their lengths. 

The relative sizes of the mbular middle section and the expanded diameter 
portions can be varied as desired. In4his particular embodiment, the medical device is 
intended to be used as a vascular occlusion device to substantially stop the flow of 
blood through a patient's blood vessel. When the device 60 is dq)loyed within a 

10 patient's blood vessel, as detailed below, it will be positioned within the vessel such 

that its axis generally coincides with the axis of the vessel. The dumbbell-sh2q)e of the 
present device is intended to limit die abilx^ of the vascular occlusion device 60 to 
turn at an angle with respect to the axis of the blood vessel to ensure that it remains in 
substantially the same position in which the operator deploys it within the vessel. 

IS AKhongfh the Ulustrated embodiments of this invention only have two ejqiaiided 

diam^er portions, it should be understood that tiie device could have more than two 
such expanded diam^ portions. For exantple, if the device has three ^ipanded 
diameter portions, each e^qnnded diameter portion is sqxuated from at least one other 
e?q>anded diam^er portion by a tubular portion having a smaller diameter. If so 

20 desired, the diameters of each of the ejqpsndsd diam^er portions can be the same, but 
they need not be the same. 

In ordor to relatively strongly «gage the lumen of the blood vessel, the 
maximum diam^er of the expaodei diameter portions 64 (which occurs along the 
middle ri^ 66 in this embodimrat) should be selected so that it is at least as great as 

2S the diameter of the lumra of the vessel in which it is to l)e deployed, and is optunally 
slightly greater than that diameter. When it is dq>loyed within the patient's vessel, tiie 
vascular occlusion device 60 will CTgage the lumen at two spaced-sput locations. The 
device 60 is desirably longer along its axis than the dimen^on of its greatest diameter. 
This will substantially prevent the vascular occlusion device 60 from turning within the 

30 lumen at an angle to its axis, essentially preventing the device from becoming 
dislodged and tumbling along the vessel with blood flowing through the vessel. 
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The lelative sizes of the generally tubular middle portion 62 and eTqpanded 
diameter poition 64 of the vascular occlusion device 60 can be varied as desiied for 
any particular sgjplication. For exanq)le, the outer diam^r of the middle portion 62 
may range b^een about one quarter and about one tluid of the maximum diameter of 
5 the eiqnnded diameter poitions 64 and the length of the middle poition 62 may 

comprise about 20% to about 50% of the overall length of the device. Although these 
dimensions aie suitable if the device 60 is to be used solely for occluding a vascular 
vessel, it is to be understood that these dbn^ons may be varied if the device is to be 
used in other ^lications» such as where the device is intended to be used simply as a 

10 vascular Shear rather than to substantially occlude the entire vessel or where the device 
is deployed in a difXieirat chamiel in a pati^*s body. 

The aspect ratio Q.e., the lado of the length of tiie device over its fnaYtmntn 
diametCT or width) of the device 60 iUustiated in Figures 5A and SB is desirably al 
least about 1.0, with a range of about LO to about 3.0 being preferred and an aspect 

IS ratio of about 2.0 bemg particularly preferred. Having a greater aspect ration will 
trad to prevent the device from rotadng generally peipendiculariy to its axis, which 
may be referred to as an end over end roll. So long as the (niter diam^er of the 
expanded diamet^ portions 64 of the device is large enough to seat the device fairly 
securely against the lumen of the channel in which the device is dq>loyed, the inability 

20 of the device to turn end aver end will hel^ ksep the device deployed predseiy where 
it is positioned within the patient's vascular system or in any other channel in the 
patient's body. Alternatively, having ejqianded diamet^ portions which have natural, 
relaxed diam^ers substantially laij^r than the lumen of the vessels in which the device 
is deployed should also suffice to wedge the device into place in the vessel without 

2S undue ooooem bdng placed on tfte aspect ratio of the device. 

The pick and pitch of the metal fabric 10 used in forming the device 60, as wcfU 
as some other factors such as the numter of wires enq>loy6d in a tubular braid, are 
important in detennining a number of the properties of the device. For example, the 
greater the pidc and pitch of the fabric, and hence the greater the density of the wire 

30 strands in the &bric, the stiffer the device will be. Having a greater wire density will 
also provide the device with a greater wire surface area, which will generally enhance 
the tendency of the device to occlude a blood vessel in which it is deployed. This 
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thiombogenicxty can be either enhanced, e.g. by a coating of a thrombolytic agent or 
by attaching silk or wool febric to the device, or abated, e.g. by a coating of a 
lubricious, anti-thrombogcnic compound. A variety of materials and techniques for 
enhancing or reducing thrombogenicity aie wdl known in the ait and need not be 
detailed bete. 

When the device is deployed in a patient's vessel, thrombi will tend to collect 
on the sui&ce of the wires. By having a greater wire den^, the total suiface area of 
the wires will be increased, increasing the tiuombolytic acdvi^ of the device and 
pennitdng it to relatively rapidly occlude the vessel in which it is dq)loyed. It is 
believed that forming the occlusion device 60 from a 4 mm diameter tubular braid 
having a pick of at least about 40 and a pitch of at least about 30*' will provide 
sufBdent surface area to sub^antially completdy occlude a blood vessel of 2 mm to 
about 4 «iTn in inner diameter in a suitable period of time. If it is deared to increase 
the rate at whidi the device 60 occludes the vessel in which it is dq>loyed, any of a 
wide variety of known thrombolytic agents can bellied to tbe device. 

Figures 6A-6C illustxate an ahemadve embodiment of a medical device in 
accoitiance widi the present invCTtion. This device 80 has a generally bell-shaped 
body 82 and an outwardly extending forward end 84. One qyplication for which this 
device is paiticulariy well suited is occluding defects known in the art as patCTt ductus 
aiteriosus (FDA). FDA is essentially a condition wherein two blood vessels, most 
commonly the aorta and pulmonary aiteiy adjacent the heart, have a shunt between 
dieir lum^. Blood can flow directly between these two blood vessels through the 
shunt, compromising the nomial flow of blood through the patient's vessels. 

As explained more fiilly below in connection with Figure 8, the bell-sh^)ed 
body 82 is adiqited to be dq>loyed within the shum between the vessels, while the 
forward end 84 is adsqited to be positioned within one of the two vessels to he^ seat 
the body in the shunt. The sizes of the body 82 and the end 84 can be varied as 
desired for differently sized shunts. For example, the body may have a diam^r along 
hs generally cylindrical middle 86 of about 10 mm and a letigth along its axis of about 
25 mm. In such a device, the base 88 of the body may flare generally radially 
outward until it reaches an outer diameter equal to that of the forward end 84, which 
may be on the order of about 20 mm in diameter. 
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The base 88 desirably flares out relatively rapidly to define a shoulder tapering 
radially outwardly from the middle 86 of the body. When the device is dq)loyed in a 
vessel, this shoulder will abut the lumen of one of the vessels being treated. The 
forward end 84 is retained witiiin the vessel and urges the base 88 of the Ixxiy open to 
ensure that the shoulder engages the wall of the vessel to prevent the device 80 from 
becraiing dislodged from within the shunt 

As detailed above, in making a device of the invention it is desirable to attadi 
the ends of the wire strands fonning the metal £Bbric 10 to one another to prevent the 
tibric from unraveling. In the iliustiations of Figiuies 6A-6C, a clamp IS is used to tie 
together the ends of the wire strands adjacCTt the front es^ 84 of the device. It is to 
be understood that this clamp IS is simply a schematic illustration, though, and that the 
ends could be attadied in oth^ ways, such as by welding, soldering, brazing, use of a 
biocompatible cementitious material or in any other suitable feshion. 

Tb& rearward ends of the wire strands are shown as being attached to one 
another by an alternative clanqnng means 90. This clamp 90 serves the same puipose 
as the schematically illustrated clamp IS, namely to interconuct the aids of the wires. 
However the clan^ 90 also serves to connect the device 80 to a delivery system (not 
shown), in the embodiment shown, the clamp 90 is generally cylindrical in sixap^ and 
has a recess for receiving the aids of the wires to substantially prevent the wires from 
moving relative to one anotha, and a threaded outer surface. Tlie threaded outer 
surface is adapted to be lecdved within a cylindrical recess (not shown) on a distal end 
of a delivery device and to engage the threaded ixmer surface of the delivery device's 
recess. 

Hie delivery device (not shown) can take any suitable shqse, but dearably 
comprises an elongate, flexible metal shaft having such a leoess at its distal end. The 
delivery device can be used to urge the FDA occluaon device 80 through the htmen of 
a catheter for dq)loyment in a channel of the patient's body, as outlined below. When 
the device is deployed out the distal end of the cath^, the device will still be rmined 
by the delivery device. Once the proper position of the device 80 in tiie shunt is 
confirmed, the shaft of the delivoy device can be rotated about its axis to unscrew the 
clamp 90 from the recess in the delivery means. 
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By keeping the PDA device 80 attached to the delivery means, the operator 
could still letiact the device for repositioning if it is determined that the device is not 
properly positioned in the first aXbempL Tins threaded attachment will also allow the 
operator to control the manner in which fhe device 80 is dq)loyed out of the distal end 
5 of the catheter. As e^^lained bdow, when the device exits the catheter it will t^ to 
resiliently return to a preferred expanded shape which is set when the fabric is heat 
treated. When the device springs back into tihis shape, it may tend to act against the 
distal end of the cathetCT, effectively urging itself forward beyond the end of the 
catheter. This spring action could conceivably result in improper positioning of the 

10 device if the location of the device within a channel is critical, such as where it is 
being positioned in a shimt betwera two vessels. Since the threaded clamp 90 can 
»able the operator to maintain a hold on the device during dqiloyment, the spring 
action of the device can be controlled and the operator can control the deployment to 
ensure proper po^oning. 

IS A FDA occlusion device 80 of this embodimrat of the invention can 

advantageously be made in accordance with the method outlined above, namely 
deforming a metal fabric to generally conform to a molding sux£ace of a molding 
element and heat treating the fabric to substantially set the ftbric m its deformed state. 
Figure 7 ^ws a moldmg element 100 which may be suitable for forming a PDA 

20 occlusion device 80 such as that shown in Figures 6A-6C. 

The molding dement 100 generally comprises a body portion 110 and an end 
plate 120. The body portion 110 is adapted to rec^e and form the body 82 of the 
device 80 while the md plate is adspted to conipress against the metal fabric to form 
the forward end 84. The body portion 110 includes an elongate, generally tubular 

25 central segment 112 which is sized to receive the elongate body 82 of the device. The 
central segmrat 112 of tiie molding elem^t 100 ciptimally has an internal diam^er 
slightly less than the natural, relaxed outer diameter of the tubular braid of which the 
device is formed. This compression of the braid will help yield devices with 
reprodudbly sized bodies 82. The forward end of the body portion 110 includes a 

30 back plate 1 14 which has a generally aimular sidewall 116 dq^ending downwardly 
thmfrom. The sidewall defines a recess 118 which is generally circular in sh^. 
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The end plate 120 of the molding el^ent 100 has a generally disc-sb^)ed face 
122, wiiich desirably bas a damp port 124 ^^proximately entered therein for 
receiving a damp IS attached to the m^ fabric, as noted above. The end plate also 
has an annular stdewall 126 whidi extends generaUy upwanDy from the face 122 to 

S define a graierally cylindrical recess 128 in the end plate 120. The sidewall 116 of the 
body portion 110 is sized to be received within the recess 128 of the end plate. 

In use, the metal fabric is placed in the molding elemrat and the body portion 
110 and the rad plate 120 aie brought toward one another. Tlie inner face of the bade 
plate 1 14 will engage the fabric and tend to urge it under compression generally 

10 radiaDy outwardly. The fabric will then be enclosed generally widun the recess 118 of 
the body portion and will generally conform to the inner surface of thai recess. If one 
prevents the entire damp IS from passing through the damp port 124, the fabric will 
be spaced shortly away from the iimer surface of the face 122, yielding a slight dome 
shape in the forward mi 84 of the device, as illustrated in Figures 6. Although the 

IS illustraiBd embodiment includes such a dome-shaped forward mi, it is to be 

undostood that the farward end may be snhsrantially flat {except far the damp IS), 
which can be acconq>lished by allowing the claiiq> to be recdved entuiely within the 
clamp port 124 m the end plate. 

Once the fabric is compressed in the molding element 100 so that it generally 

20 oonftxnns to the molding surface of the moldirig element, the fabric can be subjected to 
a heat treatment sudi as is outlined above. When tiie molding elemrat is opoied again 
by moving the body portion 110 and the end plate 120 away from one another again, 
the fabric will generally retain its deformed, compressed coofiguratioxL Hie device 
can then be collq>sed, such as by urging the clamps IS, 90 graierally axially away 

2S from oxie aimther, whidi wiU teiid to collapse the device toward its axis. Hie 

collapsed device 80 can then be passed through a ca&^er for dq>loyment in a channel 
in a patient's vascular system. 

Figure 8 schematically illustrates how a medical device 80 genially as outlined 
above can be used to occlude a patent ductus arteriosus. In diis case, there is a shunt, 

30 referred to as a PDA above, which extends between a patient's aorta A and the 
pulmonary artery P. The device 80 can be passed through the PDA, such as by 
kBq>mg the device collapsed within a catheter (not shown), and the forward ^ 84 of 
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the device can be allowed to elastically expand to substantially recover its thennally 
set, ** remembered" shape from the heat treatment process, such as by urging the device 
distally to extend beyond the distal end of the catheter. This forward end 84 should be 
larger than the himen of the shunt of the PDA. 

S The device can then be retracted so that the forward end 84 engages the wall of 

the pulmonary artery P. If one continues to retract the cath^r, the engagement of the 
device with the wall of the pulmonary artery will tend to naturally pull the body 
portion 82 of the device from the catheter, which wHl permit the body portion to 
return to its expanded configuration. The body portion should be sized, so that it will 

10 fidctionally engage the hmea of the PDA's shunt The device 80 will then be held in 
place by the combination of the friction between the body portion and the lumen of the 
shunt and the engagement between the wall of the pubnonary artery and the forwaid 
end 84 of the device. Over a relatively short period of time, thrombi will form in and 
on the device 80 and the thrombi will occlude the PDA. If so desired, the device may 

IS be coated with a suitable thrombolytic agem to speed up the occlusion of the PDA. 

Figures 9A and 9B are a side view and an end view, respectively, of yet 
another embodim^ of the presrat invention. This device 180 can be used for a 
variety of qiplicadons in a patient's blood vessels. For exaniple, if a fabric having a 
relatively high pick (i.e. where the wire density is fairly great) is used in making the 

20 device, the device can be used to occlude blood vessels. In other iqjplications, it may 
serve as a filter within a channel of a patient's body, either in a blood vessel or in 
another channel, such as in a urinary tract or biliary duct. In order to further enhance 
or reduce (he device's tradency to occlude the vessel, dq>ending on the application of 
die device a suitable known thrombcg^c or antithrombogenic coating may be qiplied 

25 to the device. 

This fUtesr 180 has a generally conical configuration, t^ienng generally radially 
outwardly fiom its rearward end 182 to its forward end 184. A length of the device 
adjacent its forward end is ad^ned to eiigage the walls of a hmen of a charmel. The 
maximum diameter of the filter device 180 is therefore at least as large as the iimer 

30 diameter of the chaimel in which it is to be positioned so that at least the forward end 
will engage the wall of the vessel to substantially lock the device in place. 
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Having a series of unsecared ends 18S of the wire strands adjacent the forward 
end of the devdce will assist in seating the device in the channel beca u s e the ends of 
the wires will tend to dig into the vessel wall slightly as the forward end of the device 
urges itself toward its fully e^qmnded configuradon within the vessel. The combination 

5 of the fiicdon between the outwardly urging forward end of the device and flie 

tendoicy of the wire aids to dig into the vessel walls will h^ ensure that the device 
remains in place where it is deployed rather than floating ftoely withm a vessel to 
reach an undesired location. 

The method in which the device 180 of die invention is deployed may vary 

10 dfTK^<<*"g on the nature of the phy^ological oondidcn to be treated. For exaniple, in 
treating an aiterio-vaious fistula^ the device may be cardully positioned, as described 
above, to occlude the flow of blood at a fiuriy specific location. In treating other 
conditions (e.g. an arterio-venous malformation), however, if may be desired to simply 
release a number of these devices iqystream of the malf onnation in a vessel having a 

15 larger lumen and dnq)ly allow the devices to drift from the treatment site to lodge in 
smaller vessels downstream. 

The deduon as to wh^her the device 180 should be precisely positioned at an 
exaa location within the cfaaimel in a patient's body or whetho' it is more desirable to 
allow the device(s) to float to their final lodging site will dq)end on the size of the 

20 diaxmels mvolved and the specific condition to be treated. This decision should be left 
to the individual operator to be macte on a case-by-case basis as his or ber experience 
dictates; there is no one right or wrong way to dq)loy the device 180 without regard to 
the conditions at hand. 

In the embodimoit shown in Figures 9A and 9B, the wall of the device extends 

25 generaUy liiieariy from a position adjacem the claiiq} 90 aiul the other e^^ 

device, ap p r o xim ating a conical shs^. Due to the presence of the clamp 90, though, 
the end of the device inunediately adgac^ the damp may deviate sli^itiy from the 
cone sh^, as indintte^ in Ae drawings. Alternatively, the wall may be carved so 
that the diamei^ of the device changes more rapidly adjacent the rearward end than it 

30 does adjacent its forward end, having an appearance more like a rotation of a parabola 
about its major axis than a true cone. Either of these embodiments should suffice in 
occluding a vessel with the device 180, such as to occlude a vessel. 
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The ends of the wire strands at the rearward end 182 of the device aie secured 
with rsspect to one another, such as by means of a threaded clamp 90 such as that 
d^cribed above in connection with Figures 6A-6C. Portions of the wire stnuids 
adjacent the forward end 184 may also be secured against relative movement, such as 
5 by spat wdding wires to one another where they cross adjacent the forward end. Such 
a qx)t weld is schematically illustrated at 186 in Figures 9A and 9B. 

In the embodiment illustrated in Figures 9, though, the ends of the wire strands 
adjacent the forward end 184 in the liiiished device need not be affixed to one another 
in any fosfaion. These strands are held in a fixed position during Ae forming process 

10 to prevent the metal fabric from unraveling before it is made into a finished device. 
While the ends of the wire strands adjacent the forward end remain fixed relative to 
one another, they can be heat treated, as outlined above. The heat treatment will tend 
to fix the shapes of the wires in their deformed configuration wherein the device 
generally conforms to a molding surface of the molding element. When the device is 

IS removed fiom contact with the molding element, the wires will retain their sbapt and 
tend to iraiain intertwined. Accordingly, when the device is released from contact 
with the molding elonent, even if the ends of the wires are released from any 
constraint the device should still substantially retain its sbap&. 

Figures lOA-lOC illustrate tiiree suitable molds for use in forming the filter 180 

20 of Figures 9A and 9B. In Figure lOA, the molding elemoit 200 is a smgle piece 
which defines a pair of generally conical portions abutting one another. In anodier 
similar embodiment (not shown), the molding element 200 may be generally ovoid, 
Shaped not unlike an American football or a rugby ball. In the embodiment illustrated 
in Figure lOA, though, the moldmg element is a little bit less rounded. This molding 

25 element conqirises two conical segments 202 which abut one another at their bases, 
defimng a larger diameter at the middle 204 of the element which can taper relatively 
uniformly toward the ends 206 of the elraient 200. 

When the a tubular braid is used in forming tiiis device, the tubular metal fabric 
may be applied to the molding element by placing the molding element within the 

30 mbular braid and clamping the ends of the braid about the molding element before 
cutting the braid to the desired length. In order to better facilitate the attachment of 
the clamps 90 to the ends of the tubular braid, the ends 206 of the molding element 
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may be lounded, as shown, rather than t^>eruig to a shaiper point at the ends of the 
moldmg elemenL In order to ensure that the braid more closely conforms to the outer 
surface of the molding dement 200, i*e. the molding elraient's molding surface, the 
natural, relaxed diameter of the braid should be less than the maximum diameter of the 
5 elemmt, whidi occurs at its middle 204. This will place the metal fabric in tension 
about the middle of the element and, in combination with the clamps at the ends of the 
braid, cause the braid to genially conform to the molding suifece. 

Hgure IQB illustrates an alternative molding element 210 for forming a device 
substantially as shown m Figures 9A and 9B. Whereas the molding element 200 is 

10 intmded to be received within a recess in the metal fabric, such as wifliin the lumen of 
a length of tubular braid, the molding element 210 has an interoal cavity 212 ad^ited 
to recdve the fabric. In this ranbodiment, the molding element may comprise a pair of 
molding sections 214, 216 and these mold sections may be substantially identical in 
shq)e. Each of Oe moldmg sections 214, 216 generally comprise a conical inner 

15 suiface 220 d^ned by a wan 222. Eadi section also may be provided with a 

geiraally cylindrical axial recess 224 for receiving a dBmp 15 (or 90) carried by an 
end of the metal fabric. 

The two molding sections should be readily attached to one another with the 
laiger, open ends 226 of the sections abutting one anodier. The mold sections can 

20 simply be claziq)ed tog^her, such as by providing a r»isable jig (not shown) wUdi can 
be used to property position the sections 214, 216 with respect to one another. If so 
desired, bolt boles 228 or the like may be provided to allow a nut and bolt, or any 
similar attadnnent syston, to be passed through the holes and attach the sections 214, 
216 tog^her. 

25 In use, a suitably sized {nece of a metal fabric, optimally a length of a tubular 

braid, is placed in the recess 212 of the molding dCTient and the two molding sections 
214, 216 are urged toward one another. The fabric should have a rdaxed axial length 
ImgsT than the axial length of the recess 212 so tiiat bringing the sections toward one 
anotho' wiU axially compress the fabric. This axial compression will \md to uige die 

30 wire strands of the braid radially outwardly away from the axis of the braid and 

toward engagraient with the molding surface of the d^ent 210, which is ddined by 
the surface of tiie recess 212. 
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Once the metal fabric is defonned to generally confonn to the molding surface 
of either molding element 200 or 210, the fabric can be heat treated to substantially set 
the shape of the fabric in its defonned state. If molding element 200 is used, it can 
then be removed from the interior of the metal fabric. If there is sufficient room 
5 between the resilient wire strands, the molding dem»t can simply be removed by 

opening the web of wire strands and pulHoig the molding dement out of the interior of 
the metal &bric. If moldiiig dement 210 is einpioyed, the two moldirig sections 214, 
216 can be moved away from one another and the molded fabric can be retrieved from 
the recess 212. Depending on the shape of the molding surface, the resulting formed 

10 sb^ may resemble either a pair of abutting hollow cones or, as noted above, a 
football, with clamps, welds or the like provided at either end of the sh^. 

This shape can then be cut into two halves by cutting the wires in a direction 
genially perpendicular to the shared axis of the cones (or the major axis of the ovoid 
shape) at a location about midway along its 1^^. This will produce two sqiarate 

IS filter devices 180 substantially as iUustrated in Hgures 9A and 9B. If Ae wires 
strands are to be joined adjacent the fbrwaid end of the device (such as by the 
weldments shown as 186 in Figures 9A and 9B), this can be done before the conical or 
ovoid shqie is severed into two halves. Much the same net sh^ could be 
accomplished by cutting the metal fabric into halves while it is stiU carried about 

20 molding element 200. The separate halves having the desired sh^ could then be 
pulled apart from one another, leaving the molding dement ready for forming 
additional devices. 

In an attemative embodiment of this method, the molding element 200 is 
formed of a material selected to permit the molding demrat to be destroyed for 

25 ronoval from the int^r of the metal fabric. For example, the molding d^nrait may 
t)e formed of a brittle or friable material, such as glass. Once the material has been 
heat treated in contact with the molding surface of the moldiiig element, the molding 
element can be brbkra into smaller pieces which can be readily removed from within 
the metal fabric. If this material is glass, for example, the molding elem^ and the 

30 metal fibric can be struck against a hard surface, causing the glass to shatter. The 

glass shards can then be removed from the enclosure of the m^ fabric. The resultant 
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shape can be used in its generally conical shape, or it can be cut into two separate 
halves to pnxluce a device substantially as shown in Figures 9A and 9B. 

Alternatively, the molding dement 200 can be fonned of a material which can 
be diemicaUy dissolved, or otherwise brokra down, by a chonical agent which will 

5 not substantially adversely affect the properties of the ooetal wire strands. For 

exanq>Ie, the molding dement can be fonned of a tenqieratuie-resistant plastic resin 
wUcfa is cqiable of being dissolved with a suitable organic solvent. Hie fabric and the 
molding element can be subjected to a heat treatment to substantially set the sh^ of 
the fabric in conformance with the surface of the molding element, whereupon the 

10 molding element and the liidal fabric can be immersed in the solvit. Once the 

molding elem^ is substantially dissolved, the metal fabric can be removed and either 
used in its current shape or cut into sq>arate halves, as outlined above. 

Care shwld be taken to ensure that the material selected to form the molding 
elemrat is cq»ble of withstanding the heat treatment without losmg its shape, at least 

IS until the shzqpe of the fabric has been ssn. For example, the molding d^CTt could be 
fonned of a material haviiig a mehing point above the temperature necessary to set the 
shape of the wire strands, but bdow the mdting point of the metal fonniiig the 
strands. The molding demmt and metal &bric can thra be heat treated to set the 
shape of the metal fabric, whereupon the temperature can be increased to substantially 

20 conq>l^ly mdt the molding dement, thad)y removing the molding element from 
within the metal fabric. 

It should be und^ood that the methods outlined inunediately above for 
ranoving the metal fabric 10 from the molding element 200 can be used in connection 
with other shq^es, as well. Althou^ these methods may not be necessary or desirable 

25 if the molding d^ent is carried about the ext^or of the metal £abric (such as are 
elements 30^ of the molding etement 20 of Hgures 2-4), if the molding dement or 
some portion th^eof is endosed within the fonned metal fabric (such as the internal 
molding section of the molding element 20), these methods can be used to effectivdy 
remove tiie molding dement without adv^^Iy affecting the medical device beiiig 

30 formed. 

Figure IOC illustrates yet another molding element 230 which can be used in 
forming a medical device sudi as that illustrated in Figures 9A and 9B. This molding 
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element comprises an outer molding section 232 defining a tapered inner surface 234 
and an inner molding section 236 having an outer surface 238 substantially the same 
shape as the tq>eied inner suiiace 234 of the outer molding section. The inner 
molding secdon 236 should be sized to be recdved within the outer molding section, 
5 with a piece of the metal fabric (not shown) being disposed between the inner and 
outer molding sections. The molding suiface of this molding element 230, to which 
the fabric will generally confonn, can be considered to include both the inner suriace 
234 of the outer molding section and the oater suiface 238 of the inner molding 
section. 

10 This molding element 230 can be used with a metal &bric which is in the fonn 

of a tubular braid. If such a fabric is used and a clanq> IS (not shown in this drawing) 
or die like is provided to connect the ends of the wire strands adjacent one rad of the 
device, a recess (not shown) analogous to the cavity 46 in the face of the compression 
disk 44 of molding elem^ 20 (Figures 2-4) can be provided for receiving the clamp. 

IS However, the present moldmg dment 230 can be used quite readily with a flat 

woven piece of metal fobric, such as is illustrated in Figure IB. In using such a 
fabric, a suitably sized and sbsped piece of fabric is cut; in using the molding eHemeat 
230 to produce a device 180 analogous to that shown in Figures 9A and 9B, for 
example, a graeraUy disk-shaped piece of the metal fabric 10' can be used. The metal 

20 fabric is then placed between the two sections 232, 236 of the molding element and the 
sections are moved togeAer to deform the M)ric therebetween. After heat treatment, 
the fabric can be rraioved and will retain substantially the same ^lape as it had when it 
was deformed between the two molding sections. 

As can be se^ by the discussion of the various molding elements 2(X), 210 and 

2S 230 in Figures lOA-lOC, it diould be clear that a number of diffonent molding 

elements may adiieve essentially the same desired shape. These molding elements 
may be received entirely witfam a closed segment of fabric and rely on tension and/or 
compression of tte fabric to cause it to generally conform to the molding surface of 
the molding element, as with the element 200 of Figure lOA. The molding element 

30 210 of Figure lOB substantially encloses the fabric within a recess in the mold and 
relies on compression of the fabric (in this case axial compression of a tubular braid) 
to deform the fabric to the desired configuration. Finally, the fabric may be 
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compiessed between two coacting parts of the molding demrat to defonn the fabric, 
such as between the two sections 232, 236 of molding element 230 in Figure IOC. 
Any one or more of these techniques may be used in adiieving a finished product 
having a desired shsqie. 
S Hgmes 11 and 12 illustrate alternative embodiments of another medical 

device in accordance with this invention. Both Figure 11 and Figure 12 iUustrate a 
vascular tr^ suitable for use in t^iqxirarily fitt^ipg embolic particles from blood 
passing duough a patient's vascular systrai. Such a device will most frequ^y be 
used to filter emboli from a patient's blood whm anoth^ medical procedure is being 

10 perfomied, aich as by using the tap in conjunction with a rotating cutting blade 
during an atherectomy or with a balloon catheter during angioplasty. It is to be 
understood, tliough, that the Hap could also be used in other similar applications, such 
as in channels in patients' bodies gQsst than thdr vascular systems. 

In the embodiment of Figures llA and IIB, the vascular tiap 250 comprises a 

IS goierally nn3brBlIa-shq)ed basket 270 carried adjacent a distal end of a guidewire 260. 
Hie guidewtre in this embodimoit includes a tsspcsoA distal section 262 with a spirally 
wound coil 264 extending along a distal length of the wire. Guidewires having ^h a 
distal end are conventional in the art. The basket 270 is positioned generally distally 
of die coil 264, and is desirably attached to the guidewire pnndmally of the proximal 

20 ea6 of the tspaed section, as shown. 

The basket 270 (shown in its coll^sed configuration in Figure 11 A) includes a 
distal band 272 and a proximal band 274. The distal band may be made of a 
radiopaque material, such as gold, platinum or tungst^ and is affixed directly to die 
shaft of the guidewire 260. This attadmiient may be mzde by any suitable means, such 

25 as by welding, brazing or soldering. Alternatively, the distal band 272 may comprise 
a bead of a biocompadble cemottitious material, such as a curable oiganic resin. If it 
is desired to increase the viability of the hand for fluoroscq{nc observation, a 
radiopaque metal or the like can be imbedded in the cemCTttdous material. Tlie 
proximal band 274 may be formed of a hypombe sized to pennit the tube to slide along 

30 the guidewire during deployment. This hypotube may be made of a metallic material; 
a thin-walled tube of a NiTi alloy should suffice. If so desired, the proximal band 
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may be fonned of a moxe radiqiaque metal, or a NiTi alloy band can have a 
radiopaque coating a|iplied to its sui£ace. 

The body of the device is formed of a metal fabric, as exphinsd above. The 
metal &bric of this embodimoxt is optimally initially foimed as a tubular braid and the 
5 cods of the wires forming the braid can be attached together by means of the bands 
272, 274 before the £abric is cut to length. Much like the clanq^s IS, 90 noted above, 
these bands 272, 274 will help prevent the metal fabric from unravelling during the 
fonning process. (The method of forming the basket 270 is described below in 
connection with Figure 16.) 

10 When the device is in its collapsed state for dqiloyment in a patient's vessel (as 

illustrated in Hgme llA), the bask^ 270 will be collq>sed toward the axis of tte 
guidewire 260. The distal 272 and proximal 274 bands aie spaced away from one 
another along the length of the guidewire, with the fabric of the device extrading 
tbereb^em. In a prefened embodiment, when the basket is in its collapsed state it 

IS win engage the oi^ surface of the guidewhe to permit the device to be deployed 
through a relatively small lumen of a catheter or another medical device. 

When the device is deployed in a pati^^s vascular system, the basket will take 
on an esxpandsd configuration wherdn it extends outwardly of the outer surface of the 
guidewire. As best seen in Figure IIB, the sh^ of the basket 270 when dq)loyed 

20 may generally resemble a conventional imibrdla or paradiute, having a dome-like 

structure curving radially outwardly from die guidewire moving proximally from the 
distal band 272. fi is to be understood that other suitable shq)es could easily perform 
the desired filtering function, such as a conical ^lape wherein the slope of the device 
changes more lineariy than the smooth, rounded version shown in Figure IIB. It is 

2S also bdieved that a relatively flat, disc ste^ would also suffice. In this expanded 
configuration, the two bands 272, 274 are closer together, with the distal band 272 
optimally being spaced only a short distance from the proximal band 274, as 
illustrated. 

In moving from its coll2q>sed state (Figure llA) to its e^qsanded state (Figure 
30 1 IB), the metal fabric turns in on itself, with a proximal portion 282 of the collapsed 
basket being received within the interior of a distal portion 284 of the collapsed basket. 
This produces a two-layered structure having a proximal lip 286 spaced radially 
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outwardly of the guidewire, doming a pjoximaUy-facmg aq>-sb^)ed cavity 288 of the 
bask^. When blood (or any other fluid) flows through the basket in a diistal direction, 
any particulate matter in the blood, e.g. emboli released into the bloodstream during 
atherectomy or aiigipplasty procedures, will tend to be tiqiped in the cavity 288 of the 
5 baskeL 

The precise dimoisions of the m^ fabric can be varied as desired for various 
plications. If the device 250 is to be used as a vascular filter to tiap CTiboIi rdeased 
into die blood, for example, the pores Q.e. die openings between the crossing metal 
strands) of the fabric are desirably on the order of about 1.0 mm. This is goierally 

10 deemed to be the minimum size of any panicles which are likely to cause any adverse 
side effects if they are allowed to float freely within a blood vessel. One would not 
want to make the pores too small, though, because the blood (or other fluid) should be 
free to pass through the wall of the basket 270. If so desired, the bask^ may be 
coated with a suitable anti-thrombogenic coating to prevent the basket from occluding a 

IS blood vessel in which it is deployed. 

When a fibric having 1.0 mm pores is used to foim the bask^ 270 of this 
embodimoit of the invention, the forming process will reorient the wires relative to 
one anodier and in some areas (e.g. adjacent the proximal hp 286) the pores will be 
larger than 1.0 mm. However, because the basket's walls are formed of essentially 

20 two thicknesses 282, 284 of die fabric, the effecdve pore size of the device may be 
significantly reduced even at these locadons. 

The device 250 may also be provided with tethers 290 for collapsing the bask^ 
270 during retraction. Tlie basket may include four indq>endent tether wires, each of 
which extends proximally ftom the proximal hp 286 of the deployed basket. In a 

25 prefmed embodiment, though, the four tedier wires illustrated in the drawiiigs are 
actually formed of two longer wires, with each wire extending peiq)herany about a 
portion of the proximal lip of the basket. Ihese tether wires may be intertwined with 
the wires of the m^ fabric to keep the triers in place during use. When the tethers 
are retracted or drawn down toward the guidewire, the wires ext^iding along the 

30 proximal hp of the basket will t^ to act as drawstrings, drawing the proximal end of 
the bask^ radially inwardly toward the guidewire. This will tend to close the basket 
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and entr^ any material caught in the cavity 288 of the basket during use so that the 
basket can be retracted, as detailed below. 

The tether wires 290 may extend along much of the length of the guidewire so 
that they will emid outside the patient's body during use of the device 250. When it 
S is desired to collapse the basket for retrieval, the operator can simply hold the 

guidewire 260 steady and retract die tethers widi respect to the guidewire. This can 
trad to be relatively cumbersomb, though, and may be too difficult to effectively 
accomplish without breaking the tethers if the device is dqiloyed at a selective site 
reached by a toituous path, such as in the brain. 

10 Accordingly, in the preferred embodiment shown in Figures IIA and IIB, the 

t^ers 290 are attadied to the guidewire 260 at a position spaced proximally of the 
basket. Hie tethers may, for example, be attached to a metal str^ 292 or the like and 
this soap 292 may be affixed to the shaft of the guidewire. When it is desired to close 
the proximal end of tiie basket for retraction, an external catheter (not shown) can be 

IS urged distally toward the basket 270. When the catfa^r ^counters the radially 

extending tethers, the distal end of the catheter will tend to draw the t^hers toward the 
guidewire as the catheter is advanced, which will, in turn, tend to draw the proximal 
end of the basket closed. 

Figures 12A and 12B illustrate an alternative raibodiment of the device shown 

20 in Figures llA and IIB, with Figure I2A showirig the device coU^sed in a catheter C 
for dqiloyment and Hgure 12B showing the device in its d^loyed configuration. In 
the embodim^ shown in Figures 12A and 12B, the basket 270 is formed substantially 
the same as outlined above in connecdon with Figures llA and 1 IB. In the 
embodiment of Figures 12, though, the distal hand 272 is affixed to the guidewire 260' 

25 at the distal tip of the guidewire. The guidewire 260' is of the type refmed to in the 
art as a "movable core" guidewire. In such guidewires, a core wire 265 is recced 
within the lumen of a helically wound wire coil 266 and the core wire 265 extends 
distally beyond the distal end of the coil 266. A thin, elongate safety wire 268 may 
extend along the ratire lumen of the coQ 266 and the distal end of the safety wire may 

30 be attached to the distal end of the coil to prevent loss of a segment of the coil if the 
coU should break. 
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In the embodiment of Figures 11, the proximal rads of the t^ers 290 are 
attached to a metal strap 292 whidi is itself attached the shaft of die guidewiie 260. In 
the present embodiment, the tethers are not attadied to the core wire 265 itself. 
Instead, the t^h^ are attadied to the coil 266 of the guidewire. The tethers may be 
5 att?t^HftH to the coil by any suitable means, such as by means of laser spot welding, 
soldering or brazing. Hie tethers 290 may be attached to the coil 266 at virtually an 
spot along the length of the coil. As illustrated in diese drawings, for exanq)le, the 
tethers may be attached to the coil adjacent the coil's diml ouL However, if so 
desired the t^hers may be attached to the coil at a location space more proximally 

10 frcm the bask^ 270. 

An external cath^ sudi as diat rrfened to in the discussion of Figures llA, 
but not shown in diose drawings, is illustrated in Figures 12A and 12B. Once the 
baska 270 is dq>loyed in a patient's vessel to substantially reach the expanded 
configunition shown in Figure 12B and die basket has performed its intended fihration 

IS funcdon, the external catl^er C can be urged distally toward the basket 270. As this 
catheter is urged forward, the tetbm will tend to be drawn into the distal end of the 
catheter, which is substantially narrower than the proximal lip 286 of the basket. This 
will tend to draw the tethers down toward the guidewire and he^ close the basket, as 
explained above. 

20 Figures 13-15 illustrate yet another alternative embodimem of a vascular trap in 

accordance with the pressit invention. This vascular nap 300 includes a basket 320 
recdved over a guidewire 310. In most re^>ects, the bask^ 320 is direcdy analogous 
to the tesket 270 illustrated in Figures 11-12. The basket 320 inclwfes a proximal 
band 322 and a distal band 324. As m the raibodimait of Figures 12A and 12B, die 

25 distal band may be attached to the guidewire adjacent its distal end. If so desired, 
though, a structure such as is shown in Figures 11, wherein the guidewire extrads 
distally beyond the basket, could instead be used. 

As best seal in its collapsed state (shown in Figure 12A), the basket inchides a 
distal segment 325 and a proximal segment 326, with the distal end of the distal 

30 segment being attached to the distal band 324 and the proximal end of the proximal 
segment being attached to the proximal band 322. When the basket 320 is in it 
expanded configuration (shown in Figure 12B), the proximal segment 326 is received 
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within the distal segment 32S, defimng a proximal lip 328 at the proximal edge of the 
device. The wall of the basket thus formed also includes a cavity 329 for trying 
solids entrained in a fluid, such as emboli in a patient's blood stream. 

The basket 320 of Figures 13-15 is also Shaped a little bit differently than the 

S basket 270 of the previous drawings. The primary difference between these two 

baskets is that the baska 320 is a little bit shorter along its axis that is the basket 270. 
This differait basket sh^ is szmply intmded to illustrate that the basket of a vascular 
trap in acoordanoe with the invention can have any of a wide variety of shapes and no 
particular significance should be attached to the slightly differem shapes shown in the 

10 various drawings. 

In the vascular traps 250 and 250' of Figures 11 and 12, respectively, tethers 
were used to draw down the proximal end of the bask^ 270 to close the basloet for 
retraction. In the raibodhnent shown in Hgures 13-15, tiiou^, the tnp 300 includes a 
basket cover 340 positioned proximally of the bask^ 320. The basket cover may also 

15 be formed of a metallic tubular braid and is also adsqited to be oolkpsed to lay 

generally along the outer surface of the guidewire 310. The cover 340 is not directiy 
affixed to the guidewire at any pomt, thou^, but is instead intended to be slidable 
along the guidewire. As best seen in Figures 13 and 14 wherem the cover is in its 
coU^sed state, the cover 340 includes a distal hypotube 342 and a proximal control 

20 hypotube 344, with the distal hypotube being attached to the distal end of the cover 
340 and the proximal control hypotube 344 being attached to the proximal end of the 
cover. 

Hie cover 340 is shown in its deployed, e?^ianded configuration in Figure 15. 
As shown in that figure, the cover has a similar structure to that of the basket 320, but 

25 is oriented to be open distally rather that proximally, as is the basket As best seen in 
Hgures 13 aiul 14 wherein the cover is in its collq>sed state, the cover has a distal 
segment 352 and a proximal segment 354. Vfbsn the cover is deployed by urging it 
distally out of the distal end of the dq)Ioyment cath^r C, the cover 340 will tend to 
resiliently return to its e^qpanded configuration and the distal hypotube 342 will slide 

30 axially proximally along the guidewire toward the proximal control hypotube 344. 

This will invert the colk^sed cover so that the distal section 352 is gener^y received 
within the proximal section 354, defining a distal ]ip 358 of the cov^. 
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The proximal control bypctube 344 may extend along a substantial portion of 
the length of the catheter 310 so that it extoids out of the patient's body wh^ the 
device 300 is in place. By grasping the control faypotube and moving it relative to the 
guidewire 310, an operator can control the position of the cover 340 with respect to 
5 the basket 320, wMdi is affixed to the guidewiies. As esqplained in more detail below 
in connection with the use of the device 300, once tlie basket has been deployed and 
has been used to filt^ (dejects entrained in the fluid (e.g. emboli in bloocQ, tbe cover 
340 may be dqdoyed and the trq> may be drawn proximally toward the cover by 
moving the guidewire proximally with respect to the control hypotube 344. 

10 The irmer diameter of the di^ hp 358 of the cover is desirably slightly larger 

than the outer diameter of tbe proximal 328 of the basket. Hence, when the basket 
is drawn proximally toward the cover it will be sub^antially enclosed tfaer^. The 
cover will theielbre tend to tr^ any emboli (not shown) or other particulate matt^ 
retained within the cavi^ 330 of the basb^ A retrieval sheath S may then be urged 
' 15 distally to engage the^ outer surface of the cover 340. This wili tend to cause the cover 
to colk9>se about the basket, tightly ragaging the outer sui^^ This 
somewhat coU^sed structure can (ben be withdrawn from the patioit's charmel and 
r^oved from the patient's body. By mclosing the basket widiin the cover, the 
likelihood of any filtered debris within the basket bdng lost as the bask^ is retrieved 

20 will be substantially eliminated. 

The guidewiie and the metal fabric can be of any diam^er suitable for the 
intended sqyplication of the vascular tra^ 250, 250* or 300. In a prefmed embodnnrait, 
tfie guidewire is between about 0.014" and about 0.038" in diam^ and die wires of 
the metal fabric used to form the badcet (and the cover 340, if a cover is included) are 

25 between about 0.002** and about 0.006". The thickness of the metal bands (272, 274 
or 322, 324) also is desirably in the range of about O.0Q2*'-O.O06*'. 

In one particularly preferr ed embodimem imended to be used in narrower 
vessels sudi as those encountered in cerebral and coronary applications, the guidewire 
has an outer diameter of about 0.014" and the wires of the metal fabric are about 

30 0.002" m diameter. The metal bands in this embodimrat may also have a thickness of 
about 0.(X)2*' so that they will not be substantially wider than the collapsed basket. 
When the device is collapsed for dq)loyment through a catheter, it will have an outer 
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diam^r of about 0.018", permitting the device to be used with cattteters and other 
instruments adapted for use with a 0.018" guidewire. 

Figure 16 xllustiates one embodiment of a molding element 370 which may be 
used m making a basket 270. Although the basket 320 and cover 340 of die tr^ 300 

S are ^bapei somewhat diffjermtly, an analogous molding element can be used for these 
portions of the trsq> 300 as well by smqdy modifying some of the dimensions of the 
molding dement 370, but retainmg the basic shape and structure of the molding 
dement It also should be understood that the molding donent 370 is merdy one 
possible molding element for forming a stu^ such as that of the basket 270 and that 

10 any one of a varie^ of different molding elements will be aj^iarent to those skilled in 
die art, as noted aix)ve in connection with Figures lOA-C. 

The molding element 370 has an outer molding section 372 defming a curved 
inner surface 374 and an mner molding section 376 having an outer surface 378 
substantially tiie same sh^ as the curved inn^ surface 374 of the outer molding 

IS secdon. The iimer molding section 376 should be sized to be received within the outer 
moldirig section, with a piece of the metal fabric (not shown) bdng disposed b&tween 
the inner and outer molding sections. In a preferred embodiment, the inner sur&ce 
374 of the outer molding dement and the outer surface 378 of the innra* molding 
section each include a recess (375 and 379, respectively) for receiving an end of the 

20 braid. The molding surface of this molding element 370, to which the fabric will 

generally conform, can be considered to include botii the inner surface 374 of the outer 
molding section and the outer surface 378 of the iimer molding section. 

In use, the two molding sections 372, 376 are spaced apart from one anctther 
and a length of a tubular braid of metal fabric (not shown in Figure 16) is digwsed 

25 between these molding sections. Optimally, one end of the fabric is placed in the 

recess 375 of the outer moldii^ section and the other end of the fabric is placed in the 
recess 379 in the inner molding section. The inner and outer molding sections can 
then be urged graerally toward one anoth^. As the ends of the wire sqiproach one 
anoth^, the tubular braid will tend to invert upon itself and a surface of the tubular 

30 braid will generally conform to either the inner surface 374 of the outer molding 
section or the outer surface 378 of the inner molding section, arriving at a shape 
analogous to that of the basket 270 of the tr^s 250, 250\ Hie two molding sections 
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can tbem be lodced in place with lespea to one another and the metal fabric may be 
heat treated to the wires in this deformed configuration. 

The method in accordance with the present invention further includes a method 
of treating a physiological condition of a patient In accordance with this m^od, a 
5 medical device suitable for treating the condition, which may be substantially in 

accordance with one of the embodiments outlined above, is selected. For exanqde, if 
a patent ductus aitmosus is to be treated, the FDA occlusion device 80 of Figures 6A- 
6C can be selected. Once the appiopii atc medical device is selected, a catheter may 
be positioned within a channel in patient's body to place the distal end of the catheter 
10 acgacent the desired treatment site, sudi as immediately adjacent (or even within) the 
shunt of the FDA. 

Medical devices made in accordance with tfie method of the invention outlined 
above have a preset e?q»anded configuration and a collapsed configuration which allows 
the device to be passed through a cathet^. The esqnnded configuration is generally 

IS d^ined by the sh^ of the medical fiabric when it is d^ormed to graerally conform to 
the molding surface of the molding danent Heat treating the metal fabric 
substantiaDy sets die shs^ies of the wire strands in the leoriented relative positions 
wbm the fiabric conforms to the molding surface. When the metal fiabric is then 
removed fiom the molding dement, the fabric may define a medical device in its 

20 preset e)q>anded configuration. 

The medical device can be collapsed into its collq>sed configuration and 
inserted into the lumen of Ae cath^er. Hie collapsed configuration of the device may 
be of any shsqye suitable for easy passage tiuough the hsmea of a cath^ and proper 
dq)loyment out the distal end of the catheter. For exanq)le, the devices shown m 

25 Figures 5 may have a rdativdy dongated collq>sed configuration wherein the devices 
are stretched along their axes. This coll^>sed configuration can be achieved simply by 
stretchmg the device generally along its axis, e.g. by manually grasping the clamps 15 
ami pulling them spart, which will tend to colh9)se die expanded diameter portions 64 
of the device 60 inwardly toward the device*s axis. The FDA occlusion device 80 of 

30 Hguies 6 also operates in much the same fashion and can be coU^sed into its 

collq>sed configuration for insertion into the catheter by applying tension graerally 
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along the axis of the device. In this regard, these devices 60 and 80 are not unlike 
"Chinese handcuffs**, which tend to constrict in diameter under axial tension. 

Once the medical device is collapsed and inserted into the catheter, it may be 
urged along the lumen of the catheter toward the distal end of the catheter. This may 
5 be accomplished by using a guidewxre or the like to abut agamst the device and urge it 
along tiie catheter. Wbm the device begins to exit the distal end of the catheter, which 
is positioned adjacent the desired treatment site, it will tend to resiiiently return 
substantially ratirdy to its preset expanded configuration. Siqierelastic alloys, such as 
nitinol, are particularly useful in this application because of their ability to readily 

10 return to a particular configuration after being elasdcally deformed to a great extent. 
Hence, simply urging the medical device out of the distal end of tiie cath^er tend to 
prap^ly dq>loy the device at die treatment 

Althougji the device will tend to resiliendy return to its initial e3q}anded 
configuration (i.e. its sbapo piior to being coU^sed for passage through the catheter), 

IS it should be understood that it may ncA always return entirely to that shape. For 

exanople, the device 60 of Hgure 5 is intended to have a maximum outer diameter in 
its e?qianded configuration at least as large as and preferably larger than, the inner 
diameter of the lumen in which it is to be dq>loyed. If such a device is deployed in a 
vessel having a small lumm, the lumen will prevent the device from completely 

20 Tttuming to its e^qianded configuration. Nonetheless, the device would be prop^y 
dq)loyed because it would engage the inner wall of the lumen to seat the device 
therein, as detailed above. 

If the device is to be used to permarmtly occlude a channel in the patient's 
body, such as the devices 60 and 80 described above may be, one can simply retract 

25 the catheter and remove it from the patient's body. This will leave the medical device 
dq)loyed in the patient's vascular system so that it may occlude the blood vessel or 
other channel in the patient's body. In some circumstances, the medical device may be 
attached to a delivery system in such a manner as to secure the device to the end of die 
delivery means, such as when the threaded clamp 90 shown in Hgures 6 and 9 are 

30 attached to a distal end of the delivery means, as e?q}Iained above. Before removing 
die catheter in such a system, it may be necessary to detach the medical device from 
the delivery means before removing the catheter and the delivery means. 
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The devices of Figures 11-15 may be d^loyed in much the same fashion 
outlined above. However, these devices 250, 250* and 300 are advantageously 
dq>loyed for use in conjuncdon with another medical device and will most ftequmtly 
be retzacted ficom the patient's body after use. 
5 For exanxple, any one of these devices are suitable for use in conjunction with a 

balloon angic^lasty procedure. In sudi procedures, caifa^m having inflatable balloons 
at their ends, re&nod to as balloon catheters, aie positioned within a blood vessd so 
that the balloon is positioned within a stenosis. These balloons are positioned by 
tracking the balloon cadieter along a guidewire or the like; the balloons typically have 

10 a central bore dt^etfarough. Once the balloon is properly positioned, it is inflated and 
urges radially outwardly against the stenosis. This will tend to squeeze the stenosis 
against the walls of the vessel, improving patency of the vessel. 

When the stmosis is treated in this fashion, though, there is a risk that some 
debris will break firee and CTter the blood flowing through the vessel. If left 

15 unchecked, this anbohis can drift downstream and embolize a distal portion of the 

vessel. Depending on where the embolus comes to rest, the embolization can result in 
significant tissue or organ damage. This risk is particularly acute in cardiac and 
coronary applications because the embolization can r^ult in a myocardial infarction or 
heart attack, and in n»rovascular and intervCTtional radiological procedures the 

20 embolization can lead to a stroke or damage to brain tissue. 

In ord^ to prevent, or at least substantially limit, such embolization, a vascular 
tr^ 250, 250' or 300 of the invoition can be used with the balloon catiieter. Die 
device should be ^zed to permit it to be passed through tbt lumen of the particular 
balloon cath^r to be used in the angiqplasty. 

25 In one embodimCTt of a method for using sadb a vascular trsp, the tr^ is 

dq>loyed first. The basket (270 or 320) of the trap wiU be guided to a position located 
downstream of the desired treatm^ site through an introduction catheter (e.g. tte 
caft^r C in Rgures 12-15). The basket is then urged distally beyond the end of the 
cath^r, whidi will permit the basket to resilientiy substantially r^um to its e^qianded 

30 configuration from its collapsed configuration within the catheter. Once the tr^ is in 
place, the balloon catheter can be exchanged for the introduction catheter, and the 
balloon catheter can trade the guidewire (260 or 310) of the vascular tr^. The 
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balloon can then be positioned within the stenosis and e>q)anded, as outlined above. 
Onoe the angioplasty has been completed, the balloon can be deflated again and 
withdrawn proximaUy out of the patient 

In an alternative embodim^ of the present method, the balloon cath^r can be 
5 used to perform the same function as performed by the introduction catheter in the 
preceding embodiment. In this embodimrat, the balloon catheter is positioned in the 
patient's vessel so that the distal end of the balloon cathet^ is located downstream of 
the stenods. The vascular trq> (2S0» 250' or 300) of the invntion is then passed 
tfnough the hunen of the balloon catheter and the bask^ is urged out of the distal end 
10 of the cathet^. The basket wiU lesifiently substaiitially return to its prrferred 

expanded configuration, whereiqxm the balloon catheter can be retracted along the 
shaft of the device's guidewire until the balloon is prcsperly positioned within the 
stenosis. 

If so desired, the balloon catheter can instead be provided with a length of 

IS standard catheter extendmg distally beyond the distal end of the balloon. The balloon 
can then be positioned within the ^^losis and the bask^ can be urged out of the distal 
end of the distal ext^ion of the catheter. In such an embodim^ the length of the 
distal extoision of the catheter should be sufficient to properly position the basiket with 
respect to the balloon when tiie basket exits the distal end of ttie cath^er. This will 

20 eliminate the need to perform the sqKurate step of retractirig die balloon into position 
within the stenosis after the baslot is deployed. The balloon can then be eT^onded, 
deflated and withdrawn as described above. 

Much tfie same procedure can be used to deploy a vascular tr^ of the invention 
for use in an atherectomy procedure. In such procedures, a cutting head is portioned 

25 at the distal end of an elongate, hollow shaft and the cuttiiig head has a bore extending 
therethrough. The tizp can be dq>loyed in either of the methods outlined above, but it 
is anticqiated that in most instances the first procedure will be used, i.e. the basl^ win 
be d^loyed with an introduction catheter, whidi will be removed so that the cutting 
device can be guided over the guidewire of the vascular trap. It should also be 

30 understood that the device 250, 250' and 300 could also be used in other medical 
procedures in other bodily chaimels besides a patient's vascular system. 
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Since the trap is positioned downstream of the stenosis, any ddnis released 
during the procedure will tend to drift distally toward the basket and be caught therein. 
In order to prevent any emboli from simply floating past the tr^, it is prefened that 
the proximal lip (288 or 328) of the bask^ be at least as laige as the hunen of the 
5 vessel. In a prefened embodiment, the natural dimension of the proximal Iq> G.e, 

where the basket has fully retumed to its oqsanded configuration) is somewhat greater 
than the vessel's inner diam^er so that the basket will finnly engage the wall of the 
vessel. 

The m^od of r etrac ti ng the basket will depcod on which embodimmt of the 

10 vascular tisp is used, namely whether or not the device includes a cover 340. The 
device 250 or 250' of Figures 11 or 12, req>ectively, do not include such a cover. 
However, they do include xeOtsrs 290 which extrad proximally from the proximal lip 
288 of the basket to an attariwiCTf to the guidewire. In either of these embodiments, a 
retrieval cathctfT can be introduced over die guidewire and mged distally toward die 

15 basket. As explained above in Connection with Hgures 11 and 12, tiiis will t»d to 
draw the tethers down toward the guidewire, effectivdy closing the proximal ead of 
the hasksi 270. Once the bask^ is suEFidenlly closed, such as wten the proximal lip 
of the bask^ engages the distal tq> of the retrieval catheter, the catheter and the 
vascular trap can be retracted tog^her from the patient's body. By substantially 

20 closing the proximal end of the basket in such a iashion, any raiboli whidi are 

cqttured in the basket when it is deployed can be retained within the basket until it is 
rmoved from the patient's body. 

If so desired, a balloon catheter or like device can instead be used, with the 
balloon catheter being used to draw down the tethers 290 and collapse the basket. The 

25 vascular trap can then be withdrawn with the balloon catheter rather than having to 
sq)arately introduce a removal catlieter to remove the tr^. 

In withdrawing the CTibodiment illustrated in Figures 13-15, the cover 340 is 
petitioned over the proximal Iq) of the basket l>efore tiie vascular trap 300 is retracted. 
Once the medical procedure is completed and any ddms has been cqitored in the 

30 basket, the cover 340 is allowed to resiliraitly substantiaUy return to its esqnnded 
configuration. Once it is deployed proximaUy of the basket, the basket 320 can be 
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drawn proximally toward the cover 340 until it engages or is received within the 
cover, as noted above in connecdon with Figure 15. 

In actuality, the cover 340 may be unable to return to its full expanded 
configuration due to the confines of the vessel in which it is dq)loyed. As expiaansd 

5 previously, the cover 340 is desuably larger tiian the basket 320 so that the basket can 
be received within the cover. However, the bask^ is optimaUy sized to engage the 
walls of the vessel to prevent the unwanted passage of emboli or othra: debris around 
the edges of the basket. Accordingly, the distal lip 358 of the cover will engage the 
wall of the channel before it e?q>ands to its full size. The walls of most bodily 

10 channels, such as Uood vessels, tend to be somewhat elasdc, though. The cover 340 
will therefore tend to urge harder against the wall of the vessel than the smaller basket 
and nmy stretch the vessel a little bit more than will the basket In this fashion, the 
cover may still be able to expand to a dimension large CTOUgJi to permit the basket to 
be received in the cavity 356 of the cover. If not, the distal lip 358 of the cover can 

15 simply be brought into close engagement with the proximal 328 of the basket to 
generaUy seal the basket. 

Once the cover 340 is brought imo engagemrat with the basiket 320, whether by 
receiving the basket within the cover or, less preferably, by engaging the lips 358, 328 
of the cover and the basket, the device can be withdrawn proximally from the patient's 

20 vascular system. Ibe cover will tend to prevent any CTiboli caught in the basket 
during deployment from being inadvertently lost during withdrawal. 

The vascular trq>s 250, 250' and 300 of the present inv«tion therefore have 
distiiKt advantages ovCT other vasciilar traps or filters cunratly kno^ As 
explained above, most prior art txzp& are difficult and e^qpensive to form and cannot b& 

25 readily collapsed for retrieval. The present invention, though, provides a m^od for 
making the vascular tr^s 250, 250' and 300 which is both relatively ine3q)ensive and 
less labor intensive, generally resulting in a more consistent product dian prior art 
hand-formirig m^ods. Furthermore, the structure of the device and the methods 
outlined above for rmoving the device wiU fairly reliably picvctst the inadvertent 

30 dumpiilg of tnq>ped emboli back into the bloodstream while the device is being 

removed. Since most prior art traps and filters are much more difficult to use and are 
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more likely to dump filtered debris back into the bloodstream, the present invention 
can be substantially safer than these prior art systems. 

While a preferred embodiment of the present mvention has been described, it 
should be understood thai various dianges, adaptations and modifications may be made 
thoein without dqsaxtiiig from the ^nrtt of the invention and the scope of the q^pended 
claims. 
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WHAT IS CLAIMED IS: 

1. A tiap for tn^ng particulate material entrained in a fluid within a channel 
of a patient's body, conQiridng a guidewire having a distal end ^ 

the guidewiie adjacent said distal end; tiie basket being adsqned to strain the particulate 
S material from fluid passing tfaeiethiough and comprising a metal £abric having first and 
second ends, at least 01^ end of the fibric bong addled to slide along the guidewiie; 
the metal fabric having a oGlkpsed configuration wherein fbt first and second ends are 
spaced from one another a first distance along the giudewire and the metal fabric has a 
first diameter, and an expanded omfiguration wherdn the first and second ends are 
10 spaced a second, shorter distance along ttte guidewire and the metal £abric has a 
second diamet^, the first diameter bdng less than the seccmd diameter. 

2. A Hap for trs^iinng particulate material entrained in a fluid within a channel 
of a patient's body, compriang a guidewiie having a distal segment and a metal fabric, 
the metal fiabric having a first end carried by the distal segment and a second end 

15 slidable along the giudewire, the metal febric being disposed adjacent the out^ surface 
of the guidewire when the second end is spaced prcndmally of tfie first end and 
rytff n< P"g generally outwardly of Ae guidewiie wfara ttie second end is slid nearer the 
first end to define a particle-trap^g screen. 

3. The trap of claim 2 whemn the first end is affixed to the guidewire. 

20 4. The trap of claim 2 wherein the metal fibric is resilient and the second end 

will realimtiy slide toward the first end to define the particle trapping screen when ttie 
fibric is not constrained. 

5. Tlietrspof daim 2 wherein a first l^igtfa of the metal &bric«tmding 
pioximally firom the first ad defines a distal surface of the screen and a second length 

25 of the metal fidbric extending distaUy firom the second end of the fabzic defines a 
pnndmal surface of the screen. 

6. The trap of claim 5 wheiein the screen is generally dome-sh2q)ed and the 
second length of the fabric is received withm the first length of the fabric. 

7. The tr^ of daim 5 whonein a central portion of the metal fabric defines a 
30 proximally-fadng lip of the screen. 

8. The trap of daim 2 further comprising a tether extending from said screen 
to the guidewire, the tether being attached at one end to the guidewire. 
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9. The Xiap of daim 8 wherein the screea has a peripheiy, the tether 
coinjxiistng a wire attached at eadi end to the guidewiie and extending about the 
perqAery of tte screen such that ^liien the t^er is drawn inwanOy toward the 
gmdewire it win act as a drawstring to colb^se tfie peiqihery of the screen toward the 

S guidewiie. 

10. The trap of daim 2 furttier comprising a cover formed of a metal fabric, 
die cover betrig slidable along die guidewire from a first poation spaced proximally of 
the scxem toward a second poation adjacent the screen. 

11. The tr!q> of daim 10 ^(lierein the cover has two ends, the cover being 
10 disposed adjacent the outer surface of the gmdewire when one end is spaced 

proximally of the odier aid and extending generally outwardly of the guidewire to a 
diameter at least as great as an outer diameter of the soeen when one end of the cover 
is slid nearer the ottier end. 

12. Hie ttap of daim 10 vtiierdn the screen is goierally dome-shq)ed and 
IS includes a proximally-fadrig lq>, the cover in an esqnnded configuration defining a 

recess sized to receive die % of the soeen. 

13. The txap of daim 12 wherein the screen has an outer diameter and the 
cover has an inner diameter greater tfian die outer diameter of the screen. 

14. A inediod of tr^i{ring particulate inatraal entrained in a fluid within a 
20 cfaannd of a patient's body, comprising: 

a) providing a metal febiic having a collapsed configuration wherein it has a 
first diameter and an esqianded configuration wherein it has a second, greater diameter 
and defines a proximaDy-fadi^ paxtide-receiving cavity; 

b) oollsqising the metal fidiric into its colkpsed configuration and urging the 
25 metal fabric along said channd to a deployment site; 

c) permitdr^ the nielal fabric to reafiently substantiaUy return to its e^^ 
configuration; 

d) allowing the fluid to flow through the metal fabric to trap a portion of the 
particulate material in the cavity; 

30 e) at least partially dosing the metal fabric to r^ain the tr^jped particulate 

material is retained within a closed cavity; and 
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f) retracting the metal £abric along the channel with the particulate material 
retained within the collapsed cavity. 

IS. The mediod of claim 14 wherein the metal &bric in its collqised 
configuratioii is urged along a catheter positioned widiin a lumen of the chaimd. 
5 16. The method of claim IS ^(iierein the £d>ric is allo^ 

leturo to its expanded configuration by urging the fabric beyond the distal end of the 
cadieter. 

17. The method of daim 14 ^idierein the metal fabric is closed by urging a 
cover into engagement widi a distal portion of the metal fabric to retain the particulate 

10 material within Oe cavity. 

18. The niethod of claim 17 ^riierein die cover has an esqaiuiedconfi 
further oontprising the steps of oollapang the cover, urging the cover along the charmd 
to a position spaced proximally of the metal fabric^ and allowing the cover to 
xedliently substantially return to its expanded configuration prior to urging the cover 

IS into engagement with the metal fabric. 

19. The method of cbdm 14 ^rtierdn the metal fabric is carried by a guidewire 
and at least one tether extends from a pnndmally-facing lip of the fabric proximally to 
the guidewire, ^Kiierein ttie metal fainic is closed by urging the tether down toward tixe 
guidewire to draw the lip of the metal fabric toward die guidewire. 

20 20. Tlie method of daim 19 wherein the tether is urged toward the guidewire 

by urging a sheath distally along the guidewire toward the metal fabric, the sheath 
having an lumen smaller than the lip of tiie r^etal fabric. 
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